Introduction
Obesity is increasingly prevalent in high-income countries, 1 and is also rapidly emerging as a significant public health problem in less developed countries. 2 Much research has attended to the role of genetic factors 3 and societal changes (eg sedentary lifestyles and excessive energy intake) in this increase in obesity. 2, 4 There is also evidence of early-life environmental influences upon obesity. From their study of the long-term role of the impact of famine, Ravelli and colleagues 5 concluded that severe maternal malnutrition in early and mid pregnancy can predispose offspring to obesity in later teenage years. Their data clearly indicate that the length and timing of the insult during fetal development are critical to the outcome. These findings have also been replicated in animal studies. 6, 7 These effects are found not only in the offspring of severely malnourished pregnant women, but also in the case of chronic maternal malnutrition due to poverty. 8 Observed links between obesity in adolescence and adulthood and environmental factors include a possible effect of environmental temperature. Clinically overweight subjects are more likely to be born during the months of March to September. 9 In addition, a higher proportion of obese individuals (males in particular) are found to be born following a severe winter, and body mass index (BMI) is higher in those born in the first half of the calendar year. 10 Similarly, environmental temperature in early postnatal life is related to weight gain and fat accumulation in experimental animals.
In contrast to animal studies, research into the role of environmental temperature among humans tends to focus on the point of birth, rather than studying the potential influences during different phases of fetal development (despite this being a critical period in the development of obesity). 12 Human climatic studies show some variation in outcome between males and females, but there has not been an adequate analysis of differences between genders or between ethnic groups. Ethnic differences in obesity determinants are of particular interest because of striking ethnic differences in the prevalence of overweight and obesity among both children and adults. 13 -15 Therefore, the aim of the present study is to investigate whether environmental temperatures during different stages of intrauterine development (including around the time of birth) are associated with BMI during late adolescence, and to determine whether any observed associations are consistent across gender and ethnic group.
Methods
All participants were students at public schools in a single school district in Philadelphia, Pennsylvania, USA. All who met the age criteria (15 -19 y of age) were asked to take part. Where required by the School Board, consent to participate was given by the subjects' parents. These subjects were drawn from 'magnet', private and public schools around the Philadelphia area, and are therefore representative of the Philadelphia population. In a classroom setting, supervised by a teacher, participants filled out an anonymous demographic questionnaire indicating: gender; age; ethnic origin; date of birth; place of birth; residence of the mother in the year prior to birth; current height; current weight; and birth weight. The students were also asked to indicate whether they had been born prematurely (earlier than expected) or postmature (later than expected), by how many days they were premature or post-mature (if known), and their age at menarche (females only). If unable to answer a question, they were instructed not to guess but to indicate that they did not know. BMI (weight (kg)=height (m 2 )) was calculated for each participant. Since BMI changes between birth and 20 y of age, BMI was expressed as a standard deviation score (Z-score).
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Mean temperature on the day of birth and mean temperatures during intrauterine development were calculated for each individual, using daily meteorological records for the Philadelphia area. 17 In order to calculate temperatures during intrauterine development, an estimated conception date was taken by subtracting 9 months from the birth date. In cases where the subjects indicated that they were born premature or post-mature and could indicate the deviation from full-term, this period was adjusted appropriately to arrive at the estimated conception date. Mean temperatures across each trimester of the intrauterine period were calculated from the estimated conception date, averaging the mean daily temperature across that trimester.
Statistical analysis
Data were analyzed using SPSS software version 8.0. 18 Initially, a two-way ANOVA was used to determine any influence of gender or ethnic group on adjusted BMI scores (Z-scores). A MANOVA was used to test for differences in mean temperature across trimesters and at birth, in both gender and ethnic groups. Correlations (Pearson's r) were used to assess the association of environmental temperatures at the four time periods=points (during the three intrauterine trimesters and at birth) with the BMI Z-score. These analyses were conducted separately for each gender (male; female) and ethnic group (African American; Caucasian). All tests of statistical significance were two-tailed with an alpha of P < 0.05.
Finally, chi-squared analyses were used to compare the proportion of 'at risk for overweight'=overweight and normal weight subjects born in warmer vs cooler temperatures. Participants in the at risk for overweight=overweight group were defined as those falling above the age-and sex-specific 85th percentile for BMI. 19 The temperature split was taken using the median temperature on the day of birth for the total sample (cooler temperatures:
13.2 C; warmer temperatures > 13.2 C). Relative risks and 95% confidence intervals were generated from 2Â2 contingency tables, as the ratio of the proportion at risk for overweight=being overweight when born in warmer temperatures divided by the proportion at risk of overweight=being overweight when born in the colder temperatures. A three-way analysis of variance (ethnicÂgenderÂseason) was conducted to assess a possible season of birth effect on later weight. Seasons are categorized as follows: winter (December, January, February), spring (March, April, May), summer (June, July, August), autumn (September, October, November).
Results
Of a total 1100 students in classes where volunteers were recruited, 669 subjects responded. Those who reported being born or conceived outside Philadelphia (n ¼ 91) were excluded from the study, leaving 578 respondents -305 females (mean age ¼ 16. 6 Association of temperature variables and weight Table 1 shows Pearson correlations of environmental temperature during the intrauterine period with the BMI Z-score in adolescence. These analyses were conducted separately for the four groups (gender; ethnic group). There were no significant associations between environmental temperature and BMI Z-scores for any male group, or for the Caucasian females. In contrast, among the African American females, a higher environmental temperature during the second and third trimesters was associated with a higher BMI Z-score in adolescence.
Proportion of overweight subjects born in cooler=warmer temperatures Table 2 shows the associations of being at risk for overweight=overweight (BMI above the age-and sex-specific 85th percentile) with being born in warmer climatic temperatures (mean temperature on the day of birth > 13.2 C).
There were no significant links of environmental temperature at birth and adjusted BMI among the male groups. Among the females as a whole, there was a significant association of warmer temperatures at birth with the risk for overweight=being overweight in adolescence, but this was statistically significant only among the female African American subgroup. Finally, the three-way ANOVA showed no significant relation between the four seasons (as defined in the Methods section) and weight status in either gender or ethnic group.
Discussion
This study has examined whether environmental temperature during different stages of intrauterine development is associated with weight status during late adolescence. The findings presented here support such a relationship, but only among African American females. The warmer that environmental temperature is during the second and third trimester of pregnancy, the higher the relative weight among female African Americans in later adolescence. In a similar vein, a higher proportion of females (particularly African American females) who were at risk for overweight=overweight were born during warmer environmental temperatures. However, this effect of temperature was independent of season of the year. The current findings suggest that the effects of environmental temperature during birth on later BMI, as found here, could indicate an earlier insult during fetal development. These findings are phenomenological, in that they do not offer any understanding of why environmental temperatures during fetal development should affect BMI, or why this effect should be found in some population subgroups but not others. However, a number of hypotheses can be advanced post hoc. First, warmer vs colder environmental temperatures may influence maternal food intake. 20 Variations in maternal food intake could in turn lead to differential hypothalamic development of the fetus, determining the future function of the centers that regulate appetite and growth. 21 This line of reasoning is supported by findings of higher caloric and Environmental temperature and BMI L van Hanswijck de Jonge et al carbohydrate intake in the autumn. 20 Such dietary differences could lead to a lower metabolic set-point of the newborn, causing higher sensitivity to postnatal adipose tissue aggregation. 22 The mechanisms for this effect may alter fatty acid composition in maternal milk, which is passed on to the infant during the early postnatal period. 23 Second, the observation of a significant effect in African American but not Caucasian females could be due to a dilution of the effects of environmental factors in Caucasian females through higher levels of prenatal care. Even controlling for social economic status (SES), African Americans have been shown to use prenatal care less than Caucasians. 24 Caucasians have found to take earlier and better advantage of prenatal care, 25 potentially stabilizing dietary patterns in a way that would diminish sensitivity to seasonally induced variation.
Third, relative to African American females, Caucasians are more critical of their weight, prefer a lower body weight, and thus make more of an effort to avoid becoming overweight. 26 This difference is likely to be related to SES, since those with a lower SES also tend to focus less on body image than those from higher SES groups. 27 Nevertheless, body weights of African American adolescent females may be less influenced by voluntary weight control practices. Although these theories might explain the variation in finding between ethnic groups, it is less clear why there might be the gender difference in the findings. The results of the categorical analyses suggest a trend towards a reverse pattern in the males when considering temperature at birth. Overweight males tend to be born during colder temperatures whilst the reverse is found in females. This could indicate a difference between genders in sensitivity to the effects of temperature at birth on the development on those modalities involved in weight gain=metabolism.
Finally, it is possible that the apparent effect of higher environmental temperature is actually due to greater day length, and is mediated by melatonin levels. Melatonin levels decrease and body fat increases with age, suggesting that lower levels of melatonin might alter metabolism and result in increased body weight. 28 It has been suggested that the photic experience of the mother during pregnancy alters the normal fetal melatonin level (via the placenta), influencing postnatal growth. 29 In support of this hypothesis, there is a significant decrease in plasma melatonin in obesity compared with anorexia nervosa. 30 There is a decreased secretion of melatonin at night in subjects suffering from Night Eating Syndrome, and an effect of this peptide on the hypothalamic -pituitary -adrenal axis may lead to an increased appetite (and thus a weight increase). 31 It is not possible to draw complete parallels between the present findings and the relatively few other human studies in this literature, because of age differences in study populations 9 as well as the wide range of temperatures and seasons in different parts of the world where studies have been conducted. Replication of this study would give a stronger indication of the etiological significance of the reported findings, and would also determine whether the change in BMI is quantitative (ie simply increasing overall BMI) or qualitative (ie involving a change in distribution of BMI within the relevant population). Further research is needed to establish the generalizability of these findings, and to test the models that have been advanced here. Such research needs larger sample sizes, more diverse ethnic groups, and objective rather than self-report measures. For example, use of accurate medical birth records of the participants would allow precise conception dates to be generated, reducing the random error that would have been present in our data due to lack of such precise information. This would also allow for further analysis of the effects of temperature on actual birth weight, and how it relates to later obesity. In particular, this research should test for culture and SESspecific temperature-related nutritional variations during pregnancy (SES and nutritional intake were not measured in the present study). Studies in this area should pay particular attention to the potential impact of socioeconomic factors upon associations of prenatal and perinatal factors with physiological weight regulation mechanisms, in order to give a clearer insight to the factors that increase susceptibility to obesity in later life.
